Nurses caring for patients in radiology departments is a relatively recent phenomenon. Only a few fragmented studies appear in the literature on the interprofessional nursing domain in these departments. This paper attempts to give a more holistic picture of nurses" experiences of patient care related to diagnostic imaging and interprofessional interactions and relations with radiographers and radiologists. Focus groups were held, among others, with nurses at a district hospital and an adjacent academic hospital in South Africa. Participants were questioned about their experiences regarding referrals for diagnostic imaging, their professional roles, views on the roles of other professions, multidisciplinary interaction and radiation awareness. Three main themes emerged. (1) Patient care and communication include the sub-themes of "being there" for patients and communicating with them. (2) Scope of professional practice is divided into activities around the request form, preparation for diagnostic imaging and further education needs. (3) Interprofessional interactions relate to hierarchical-and power relations and interprofessional communication and conflict. The study illustrates the collaborative and mediating roles of nurses at various points in the health system, from referral of patients for diagnostic imaging investigations up to discharge from the healthcare facility. More studies are needed on 2 interprofessional relations between radiographers, radiologists and nurses and nurses" ability to make appropriate judgments with regard to the completion and interpretation of request forms and preparing patients for specialized investigations.
INTRODUCTION
Nurses" caring for patients in radiology departments is a relatively recent phenomenon that started in the 1970s with the proliferation of multimodality, cutting-edge imaging technologies. The functions and competencies of nurses working in diagnostic imaging are multifaceted: ensuring patient safety, comfort and ethical care; balancing patient load; and responding to emergencies (Goodhart & Page, 2007; Brown, 2012) . One of the challenges is the ability to adapt from having stable nursing care plans and routines to the frequency of changing plans when a patient is switched between modalities (Glicksman, 2008) . The role of radiology nurses also entails patient education, training of radiographers, setting standards, and participating in quality-assurance activities (Goodhart & Page, 2007; CNET & RNCB, 2010) .
The division of roles, responsibilities and scope of professional practice between radiographers and nurses working in radiology has developed differently in different countries. In some countries, for example Saudi Arabia and Guatemala, formal radiography education and training was in the past offered to nurses as an add-on in the absence of radiography professionals. However, after the need for qualified graduate radiographers had been identified, academic radiography education and training was introduced (Alaamer, 2012; Cowling, 2008) . In countries like Sweden there is a formal Bachelor of Science degree in diagnostic radiology for nurses (Lundén, Lundgren & Lepp, 2012) . In some countries bone densitometry is physically and organizationally not included under the umbrella of imaging services and is often run autonomously by nurse practitioners, with varying degrees of radiographer involvement (Field & Snaith, 2013) . In South Africa no formal radiology nursing programs are currently offered.
According to the Nursing Council of New Zealand (2009), " [n] urse practitioners are expert nurses who work within a specific area of practice incorporating advanced knowledge and skills." As this category of specialized nursing in the radiology field is not formalized in the South African health professions education system, the term "nurse practitioner" is used to refer to nurses with this type of expertise in other countries. Mørk, Aanestad, Hanseth, and Grisot (2008) refer to the everyday need for nursing and radiology to cooperate in sharing tasks in order to come to a common outcome of the quality of service expected, without compromising care. Goodhart and Page (2007) see the goal to be providing optimal imaging data with minimum discomfort to the patient. In this respect nurses" collaboration with the radiology team that includes radiologists and radiographers is important.
According to Chow, Chan, Lo, Chu, Chan, and Lai (2013) , imaging plays an integral role in disease diagnosis and patient treatment. Quality patient care depends on clinical findings used to justify a referral for a diagnostic investigation and on accurate interpretation of images. These activities traditionally belonged to the medical domain. As nurses" skills and knowledge in requesting examinations and interpreting images vary, it is essential to standardize competencies to be achieved by means of education and regular audit of outcomes.
There has been a debate regarding the role of formal education versus experiential learning among nurses and nurse practitioners in acquiring skills and knowledge in plain xray requests and image interpretation (Summers, 2005; Coleman & Piper, 2009 ). Chow et al. (2013) emphasize the essence of including imaging in both formal undergraduate and postgraduate nursing education programs. This could further improve performance in this role extension for nurses as a result of the development of different imaging modalities in diagnostic investigation.
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Nurses are in an ideal position to provide patients with a holistic experience by bridging gaps identified between the biomedical and technological worlds of radiology on the one hand, and the psychosocial world of the patients on the other. According to Brown (2012) , nurses can help patients to understand the imaging procedures or intervene on the patients" behalf. In addition, nurses need to interact and create partnerships with a variety of health care providers involved in imaging procedures and the follow up of patients.
Despite nurses having become an integral part of radiology departments worldwide and nurses being the bridges between general care services and radiography and radiology services, only a few fragmented studies appear in the literature on the interprofessional nursing domain in radiology departments. No study could be found on the relationships and interactions between nurses, radiographers and radiologists. The aim of this paper is to report on nurses" experiences of patient care and interprofessional interactions and relations with radiographers and radiologists. This study was part of a larger qualitative inquiry into processes and interactions between health care providers and patients referred for diagnostic imaging investigations in a hospital complex that included a district and an academic, tertiary hospital. The Research Ethics Committee of the Faculty of Health Sciences of the University of Pretoria approved this study.
METHODS
The larger study entailed 24 case studies of "shadowing" patients from admission to the casualty department or outpatient department up to discharge from the district hospital or referral to the adjacent academic hospital. In this process the patients were interviewed, consultations and diagnostic imaging investigations were observed and individual interviews were held with health professionals, including three nurses (indicated as "Nurse, Patient #" in the direct quotations).
In addition, focus group interviews were held with nurses and radiographers from both hospitals and with radiology registrars (residents) from the academic hospital. Table 1 contains a summary of the different ranks of participating professionals. Four focus groups 5 were held with nurses. Two groups were from the district hospital where no nurses are designated to the x-ray department (indicated as "Nurse, DH"). One group from the academic hospital consisted of ward nurses (indicated "Ward nurse, AH"), while the other group of professional nurses was permanently dedicated to the radiology department (indicated as "Nurse, Radiology, AH"). Participants were questioned about their experiences regarding referrals for diagnostic imaging, their professional roles, views on the roles of other professions, multidisciplinary interaction and radiation awareness. All participants provided written informed consent to take part in the study. Interviews were conducted in English and/or Afrikaans. They were digitally recorded and transcribed; field notes were written during and/or after the interviews and observations.
Elements of grounded theory were incorporated in the data analysis. The analysis commenced with a microanalysis where the researchers immersed themselves in the transcriptions to identify key words and broad categories (open coding). At the next level of analysis similarities and differences between the categories were identified (axial coding) and further categories and broad themes were identified (Patton, 2002) .
FINDINGS
Nurses play a variety of roles in the referral for a diagnostic imaging investigation, the performance of the investigation itself and the treatment of patients as a result of the outcomes of the investigation. In our study nurses occupied different types of professional and functional spaces in relation to diagnostic imaging and related processes and procedures. At the academic hospital there was a radiology department with dedicated nurses. At the district hospital no nurses or radiologists (including radiology registrars) worked in this hospital"s x-ray department. In both hospitals nurses (e.g. ward and emergency nurses) were interacting with the diagnostic imaging service providers, to whom we refer in this paper as nurse participants "outside the radiology department". Table 2 provides a typology of the roles and activities of nurses as they relate to the provision of diagnostic imaging services. Three main themes emerged from the individual and focus group interviews: patient care and communication; scope of professional nursing practice;
and interprofessional interaction.
Patient Care and Communication -"We know we have to be there"
According to Gray, West, and Nadolsky (2013) , patient care and communication are the backbone of quality care. In our study two sub-themes were identified around this theme:
"being there" for the patient and communicating with the patient. Nurses regarded themselves as advocates of patients when they perceived patients as being treated unfairly by the system or other health professionals, especially radiographers.
"Being there" for the patient. Radiographers, radiologists and radiology registrars relied heavily on the cooperation of nurses in the technical care of patients during diagnostic imaging investigations by physically supporting patients (e.g. lifting and restraining) to produce optimal quality radiographs. However, nurses outside the radiology department interpreted their restraining function for patients undergoing an x-ray investigation as an insignificant task in comparison to their other tasks − "All we do is hold the patients" [Nurse, Outside the radiology department radiographers frequently experienced a lack of cooperation from nurses. The radiographers often felt that their professional role and/or status were perceived by the nurses as being insignificant. This perception was compounded by the subordinate role of the nurse vis-à-vis other medical professionals. As a result of this breakdown in communication and professional respect, the quality of the task at hand was often compromised and the patients" continuum of care negatively affected. The scope of professional practice provides health professionals with a framework for duties to be performed as defined by a professional body and based on the relevant academic qualifications obtained. Each health professional remains accountable for the appropriateness and quality of the various tasks he or she performs (Crane & Delany, 2013) .
In terms of nurses" scope of professional practice we identified the following sub-themes in this study: activities around the request form; patient preparation for imaging investigations;
and nurses" need for further education.
Activities around the request form. The process to establish access to and issue a request for a radiographic investigation is a complex activity that involves several disciplines.
This process impacts on several service points, but most importantly on the receiver of the diagnosis, the patient. In our study we found that even though only medical practitioners were allowed to request radiographic investigations, some nurses at the academic hospital Only once nurses had started working in the radiology department and were themselves recipients of incorrect or inappropriate request forms, did they realize that completing a request form was much more than a mere procedural task. In this context they could witness first hand the impact of the justification on the request form on judgment calls to be made with regard to the preparation of patients for particular investigations.
"There is a difference very much, so especially regarding the request. I can clearly see the forms that we"re used to in the wards [for] sending patients to investigations; it"s really an eye opener." [Nurse, Radiology, AH]
Patient preparation for diagnostic imaging investigations. Although it is generally expected of the medical provider to make direct contact with the radiologists for specialized investigations, nurses were often sent with request forms to book these investigations. This task shifting highlighted some nurses" inability to provide the full clinical picture of the patient to inform the decision on the appropriateness of the requested modality and investigation.
"Nurses are sent to make booking for the VCU [voiding cysto urethrogram]. The problem comes when you want to find out more detail about the patient"s information. "Has the patient been operated on? Why do you think he has got posterior urethral valve stricture?" Then you ask them to ask the doctor to phone you." [Radiology registrar, AH]
Dilemmas around informed consent for investigations that require the administration of contrast medium were also identified in this study. In many cases it was not clear who was responsible for providing the information to the patient and/or whether some medical providers were negligent in this regard. This gap in the continuum of communication resulted in confusion for nurses and increased the potential of putting patients at undue risk.
"Actually, even it is something to do with the procedures, you find that they [the doctors] make the patient sign, not knowing what they"re signing for. You understand and it is a bit difficult for the patient. You think that at times the patient is in denial. It"s like identifying that the patient has signed consent but he is allergic to iodine. It is stated on top of the medication side they"re allergic to iodine, but she has signed and they must do that scan with contrast. So it"s really very much confusing." [Nurse, Radiology, AH]
In the radiology department nurses were also expected to make judgment calls on the basis of information provided on request forms. An example frequently encountered in this study relates to requests for ultrasound examinations where a request for an abdominal ultrasound examination could be revised to a pelvis or lower abdominal investigation after verification by the radiologist. As a result, these patients then had to wait until their urinary bladders were full. A nurse shared her own experience of being a patient in this regard: Further education needs. In this study nurses identified gaps in their knowledge at various levels of the tasks they were required to perform and the activities they were involved with.
The three main needs expressed were the following: patient preparation; interpretation skills;
and radiation risks and safety.
The adequate preparation of patients in terms of what to expect from and during specific types of imaging investigations requires knowledge of the different investigation types and processes involved. It also involves the skills required for making efficient judgment calls. The nurses also expressed a need for improved skills in the interpretation of radiographs to aid them in compiling effective evidence-based nursing notes and to ensure that the requested examinations were appropriate and adequate. A third important educational need of nurses was addressing their knowledge gaps regarding radiation risks and safety, specifically in terms of the effects of radiation on nurses and patients in the context of mobile units in the wards. Interprofessional Interactions -"We will always be standing at the back of the line"
Interprofessional relations and cooperation between the various health-professional role players are essential in achieving optimal patient care and high-quality imaging investigation services (Mørk, et al., 2008) . Two sub-themes emerged from our study: hierarchies and power relations; and interprofessional communication and conflict.
Hierarchies and power relations. The radiology registrars in this study were of the opinion that nurses who had not been specifically assigned to work in radiology did not "understand our role very well as the radiographers do, because they don"t order the investigation; they
don"t see the investigation being done; they don"t have to interpret the investigation"
[Radiology registrar, AH].
Radiographers working in the radiology department also regarded themselves as having more authority in relation to nurses. This often resulted in the clear demarcation of territorial boundaries that could, in turn, negatively affect patient care.
"They [the radiographers] have just called the patient inside the room. They want to
do the x-rays. And the patient suddenly says, "I want to go to the loo." They will try for hours looking for the nurse. In that case I think it is unfair to the patient; when they find the nurse the patient has already wetted." [Nurse, Radiology, AH] In terms of general nurse-radiographer interactions, we also found no significant interprofessional relationships either. A nurse at the district hospital described the situation The nurse participants indicated that they were involved in much more than just taking care of patients in the radiology department. However, despite their best efforts to assist in the procedures, where possible, they often experienced a sense of professional disrespect and disillusionment in their interactions with radiographers. The nurse-radiographer interaction during imaging procedures was sometimes also complicated by discrepancies in nurses" knowledge regarding the requirements associated with specific investigations, which often were further strained by interprofessional hierarchical issues. The quality of interprofessional communication between nurses, radiographers and doctors outside the radiology department had a clear influence on the request for a radiographic service. Communication gaps were often due to the focus on the mere performance of a specific task rather than having a holistic approach towards providing a quality service. This is how one radiographer at the academic hospital illustrated the situation: The current study aimed to provide a more holistic picture of nurses" roles and the professional space they occupy with regard to diagnostic imaging investigations in different sections of two South African public hospitals. Nurses form an integral part of health professional teams. In terms of diagnostic imaging, the study found their professional role to be particularly evident in the care of and communication with patients, in their specific scope of practice, and in a variety of interprofessional interactions. Unlike in some other countries, nurses were deployed at the radiology department of the academic hospital without any formal training in radiology nursing. However, through their experience they had acquired some knowledge and skills of dealing with radiology-or radiography-related issues. This is in contrast with the nurses at the district hospital and those working in the wards in the academic hospital who expressed a need for more education in a number of diagnostic imaging topics.
Nurses" professional role in radiography and radiology is multidimensional, especially from a continuity-of-care perspective. Some of the roles they fulfill in relation to patients are to be a supporter, translator, interpreter, nurturer, advocate, protector and witness. The collaborative role of the nurse in the radiology department is evident at many points, such as: preparing patients for investigations; assisting radiographers with patient manipulation during an investigation; and ensuring that the patient"s information needs are addressed as the procedures proceed. In addition, nurses become the patients" voices when they cannot speak for themselves (Goodhart & Page, 2007) .
In the South African context there is no formal scope of nursing practice in radiology-or radiography-specific specialties. This paucity has resulted in nurses engaging with the coordination of referring patients for diagnostic imaging investigations (Brown, 2012) . In South Africa only medical providers are allowed to request these investigations, but similar to the findings of Patel, Celenza and Watters (2012) and McConnell, Slevin and Mcllfatrick (2013) , nurses in our study also engaged in x-ray requests, mainly because of system pressures. We found that particularly nurses outside the radiology department tended to assist medical providers with the completion of request forms, sometimes even being these doctors" messengers for booking investigations. However, these actions often resulted in incorrect or unnecessary requests.
Several studies have shown evidence that nurses can interpret plain radiographic Gaidzinski, 2013) . According to Ohno and Kaori (2011) , an inherent nursing characteristic in taking optimal care for patients is effective communication and the ability to ensure one"s own safety. From a diagnostic imaging perspective optimal care includes radiation safety.
Our study found that nurses not only had a fear of occupational radiation exposure, but also acknowledged a lack of knowledge in this regard and were eager to gain more insight. Another pertinent observation in our study were the power relations and hierarchies inside the radiology department, where nurses were expected to interpret request forms without any formal training and to make judgments about preparation of patients for specialized investigations. This resulted in confusion for the nurses, as well as in compromised preparation of the patient and delayed or extended duration to provide the requested service. The power imbalance became visible in cases requiring the administration of a contrast medium, especially when nurses were expected by radiographers and/or radiologists to perform these tasks in contravention of their scope of practice. These nurses were regarded as subordinate to other medical professionals in the department and they had very little professional autonomy compared to professional nurses outside the radiology department (Pape, Thiessen, Jakobsen, & Hansen, 2013) .
CONCLUSION
Although studies have already been conducted on the role of nurses in interventional radiology, this qualitative study is the first to specifically address nurses" roles in a multimodality radiology department. It found that nurses performed the following significant activities: "being there" for patients; filling the communication gap for patients; completing and interpreting request forms; and preparing patients for diagnostic imaging investigations.
They also experienced specialized profession-related educational needs, the effect of interprofessional hierarchies and power relations, and conflict emanating from interprofessional communication. The most important issue requiring urgent further empirical investigation is the interprofessional relations, roles and scope of practice between nurses, radiographers and radiologists, especially since these professions report to different regulatory bodies in South Africa. With a view to developing and reviewing best-practice 23 guidelines (Brown, 2012) , further investigations are also required on nurses" professional skills and abilities to make judgment calls on the justification of requests and to prepare patients for specialized radiographic investigations. Finally, formal needs assessments in South Africa and other countries without professional radiology nursing programs could be the first step to inform regulatory bodies on the possibility of developing appropriate national qualification programs.
